Reference: Koster, E.H.W., De Lissnyder, E., & De Raedt, R. (in press). Rumination is characterized by valence-specific impairments in internal shifting of attention. Acta
Internal attention appears to be strongly correlated with rumination, where the research using the IST to investigate whether the ability to switch between (affective) mental representations is associated with the ability to control (negative) thoughts in rumination seems particularly relevant. However, there are important drawbacks of previous research.
First, little is known about the stability of the switching ability scores obtained in the IST.
Generally, in this research it is assumed that switching abilities obtained at a single time point represent a stable trait related to attentional control in general. However, at present there is little data to support this claim. As little information is available on affective modifications of attention paradigms, with the processing of emotional information being potentially more susceptible to state influences, research on this issue is imperative. Therefore, in a first experiment, the IST was administered to an unselected undergraduate sample (N=27) to examine the internal consistency (stability within the task) and test-retest reliability (stability over time) over two weeks of the IST.
Second, in our previous research using the IST (De Lissnyder et al., 2012) we selected dysphoric individuals and included analyses based on depression as well as rumination scores based on a median split procedure for rumination. In that research it was found that rumination was associated with impaired switching in the emotional task condition of the IST (where individuals had to categorize angry and neutral facial expression). However, we failed to find the expected valence-specific differences in switching away from angry versus neutral faces. This is in contrast to much attentional research where impaired disengagement was found for negative information (for a review, see De Raedt & Koster, 2010) . Provided that individuals were pre-selected on depression scores and individuals were allocated to a high and low rumination through median-split, it may be better to examine attentional control in pre-selected high and low rumination groups. Thus, in experiment 2, we sought to replicate and extend our investigation into valence-specific switching impairments in an undergraduate sample of high ruminators (N=20) and low ruminators (N=20).
In sum, the following hypotheses were tested in each of the respective experiments:
(1) If switching ability between mental representations indeed is a stable individual difference variable, scores on the IST should show high internal consistency and high testretest reliability in Experiment 1;
(2) If rumination is related to valence-specific switching impairment, high ruminators should show longer RT to switch from angry to neutral faces in the emotional task condition compared with low ruminators.
EXPERIMENT 1: STABILITY OF IST PERFORMANCE

Method
Participants
The initial sample included 30 undergraduates, three participants were excluded from analysis due to missing retest data (failure to show up). The final sample included 27 participants (9 males, 18 females) ranging in age from 18 to 26 years (M=20.63, SD=1.78).
Participants were paid (8 euro) for their contribution. The study was approved by the ethical committee at Ghent University.
Materials
Self-report questionnaires
Rumination
The Ruminative Response Scale (RRS-NL) was used to measure rumination (NolenHoeksema & Morrow, 1991; Raes et al., 2009 ). The RRS-NL is a 26-item self-report measure and consists of items that describe responses to a depressed mood that are focused on the self, convey direct information concerning interpersonal evaluation, which is of high relevance to depression and rumination (Gotlib & Hammen, 2002) which are characterized by fear of social rejection (Barnett & Gotlib, 1988) .
In the IST, faces were presented at the centre of the computer screen one at a time. All participants were asked to complete two task conditions, a non-emotional condition (hereafter referred to as gender condition) and an emotional one (hereafter referred to as emotion condition). The two conditions (emotion and gender) were completed sequentially and the order in which the conditions were completed was counterbalanced across subjects. In the gender condition, participants had to focus on the 'gender' dimension of the face (the faces had to be categorized as male or female), whereas in the emotion condition, they had to focus on the 'emotion' dimension of the face (the faces had to be categorized as neutral or angry).
There were 12 blocks of trials for both conditions with random 10 to 14 presented faces within each block. The participant's task was to keep a silent mental count of the number of faces in each category, presented within a block of trials (e.g., participants had to update counters for male and female faces in the gender condition; participants had to update counters for neutral and angry faces in the emotion condition). When a face was presented, participants were asked to press the spacebar as fast as possible (reaction time measure) to indicate that they had updated both internal counters. The next face appeared on the screen after a 200ms inter-trial interval. Participants had to report the number of faces for both categories (accuracy measure), using the number path of the keyboard, at the end of each block in a fixed order to encourage a consistent counting strategy (e.g., in the emotion condition they had to report their counts first for the neutral and then for the angry faces, in the gender condition the order was male-female). Due to the sequence of the faces, there were switch and no switch trials in each block of items. Switch costs were calculated as the difference in reaction time between switch and no-switch trials within the blocks and served as the main dependent variable in the analyses. A trial is regarded as a switch trial if a target trial (n) has to be updated on a different category as its preceding trial (n-1) (i.e., in the emotion condition: angry-neutral and neutral-angry). A trial is regarded as a no-switch if a target trial (n) has to be updated on the same category as its preceding trial (n-1) (i.e., in the emotion condition: angry-angry and neutral-neutral). In addition, due to the task design, valence-specific emotional switching effects could be investigated (i.e., comparing the switches angry-neutral versus neutral-angry in the emotion condition). The practice trials 
Data-analytic approach of the IST
For the analyses of reaction times, median scores were used to reduce any influence of outliers in the within-subject data. All blocks of items, correct and incorrect, were included in the data-analyses. A block of items was considered correct only if both reported numbers of the faces in each category were accurate. Responding in most blocks was highly accurate (test 1: 93%; test 2 92%). Inclusion of correct and incorrect blocks has the advantage of providing similar numver of observations within each cell of the design.
To obtain a measure of switching capacity between internal representations held in working memory, switch costs were calculated. The measurement of switch costs is held to be of interest because, as is widely believed, they reflect the control processes that are engaged when subjects switch between multiple tasks, operations or mental sets. In the switching literature, the reaction time (RT) switch cost is typically referred to as the difference in RT between switch and no-switch (or repeat) trials (Monsell, 1996) . First, the IST allows us to assess general switching capacity in working memory across both emotion and gender conditions (hereafter reaction time indices are referred as
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The split-half correlations ranged from, r(27) = .15, p < .01, to, r(27) = .90, p < .01, with most correlations > .4. Moreover, test-retest correlations were all > .5. Finally, the results also revealed a significant correlation of the accuracy on the IST over the two test moments,
( Table 1 about here)
Discussion
In this first experiment, the IST was administered to an unselected sample to examine the stability of IST performance. Estimates of both internal consistency and the test-retestreliability over two weeks indicate that switching ability as measured by the IST is a relatively stable phenomenon. That is, the results revealed that the split-half correlations were sufficient.
Moreover the results revealed that all test-retest correlations were significant and quite high.
Most importantly, the test-retest correlations of the most crucial dependent variables for our research purposes (switch cost reaction time indices), were all very high (between .85 and .91). Estimates of the split-half correlations were generally lower as compared to test-retest reliability coefficients. The reason for this difference might still be that reliability estimates based on a split-half procedure has less power because it is calculated on half of the items, causing error variance to potentially exert a larger influence on performance indices. In addition, the split-half correlations of the specific switches and no-switches within conditions (e.g., angry-angry) were lower than for the higher-order estimates (switch and no switch).
This was to be expected, as these are very specific analyses of reaction time responses within trials. Importantly, the test-retest reliability of these specific switches and no-switches still was sufficient. Finally, we have no clear explanation for the low split-half correlation of the neutral-neutral no-switch trials. It may be that some of these neutral facial expressions were perceived as somewhat ambiguous. Still, this latter finding did not hamper the test-retest reliability of the overall task. clinical samples (Spielberger, 1983; Van der Ploeg et al., 2000) . As depression and anxiety levels typically correlate highly this allows to examine whether effects are related to rumination, depression, or anxiety levels. The study was approved by the ethical committee at Ghent University.
Results
Emotion versus gender condition
Analyses revealed an average accuracy rate of 88%. There was a significant difference in error rate between the two conditions, F(1,38) = 6.84, p < .05, with higher error rates in the gender condition (M = 15%, SD = 13%) compared to the emotion condition (M = 9%, SD = 9%). There was no significant difference in error rate between both groups, F(1,38) = 2.50, p > .1. The condition x group interaction on the error data was not significant, F<1.
( Table 2 about here) Overall means and standard deviations for the different trial types can be found in Within group comparisons showed that for the high ruminators the switch cost in the emotion condition was significantly higher (M = 425ms, SD = 218ms) than in the gender condition (M = 351ms, SD = 190ms), t(19) = 3.14, p < .01. This difference in switch cost between both conditions was not significant in the low ruminators, t < 1. Between group comparisons showed that the switch cost in the emotion condition was larger in the high rumination group (M = 425ms, SD = 218ms) compared to the low ruminators (M = 302ms, SD = 116ms), t(38) = 2.22, p < .05. There was no difference between groups for the gender condition, t(38) < 1.
These results on switching in function of rumination group are depicted in Figure Table 3 . Depressive symptoms did not predict switch costs but the second step added significantly to the prediction, F(2,27) = 3.53, p < .05, R 2 change = .19.
The only variable that significantly predicted switching in the emotion condition was depressive brooding, ß = -.51, t = 2.57, p <.05. Higher scores on depressive brooding were associated with impaired switching in the context of emotional information, reflected in larger switch costs in the emotion condition.
( Table 3 about here) Given the high correlation between depression and anxiety scores in the full sample (r = .76, p < 001, we repeated the above analysis but now with anxiety as first step instead of depression scores. This analysis showed that anxiety did not predict switch costs but the second step added significantly to the prediction, F(2,27) = 4.07, p < .05, R 2 change = .19, similar to the initial regression analysis.
Valence-specificity within the emotion condition
To further investigate valence-specific attentional impairments exclusively on trials in the emotion condition, performance on switch trials (angry-neutral, neutral-angry) and noswitch trials (angry-angry, neutral-neutral) was investigated. A mixed ANOVA on RT of trial n with Valence Face n-1 (neutral, angry) and Valence Face n (neutral, angry) as within subject factors and Group (low ruminators, high ruminators) as between-subject factor revealed a This difference was not significant in the low ruminators, t < 1. Between group comparisons showed that responses on angry-neutral trials were slower in the high rumination group (M = 1647ms, SD = 292ms) compared to the low ruminators (M = 1463ms, SD = 259ms), t(38) = 2.11, p < .05. There was no difference between groups for the neutral-angry trials, t(38) < 1.
The results are depicted in Figure 3 .
Controlling for Depression and Anxiety Level. We performed a hierarchical regression analysis with the valence-specific switching impairment as dependent variable and scores for depressive symptoms (BDI-II) as predictor in the first step and depressive rumination and reflective pondering (RRS) as predictors in the second step. The zero-order correlations of the variables that were entered in the regression analyses are presented in Table 4 . Depressive symptoms did not predict switch costs but the second step added significantly to the prediction, F(2,27) = 4.33, p < .05, R 2 change = .23. The only variable that significantly predicting switching in the emotion condition was depressive brooding, ß = -.58, t = 2.92, p <.05. Higher scores on depressive brooding were associated with a valence-specific switching impairment, reflected in slower responses when switching from an angry to a neutral face.
Again, we repeated the above analysis but now with anxiety as first step instead of depression scores. This analysis showed that anxiety did not predict switch costs but the second step added significantly to the prediction, F(2,27) = 4.85, p < .05, R 2 change = .25, similar to the initial regression analysis.
( Table 4 about here)
Discussion
In this second experiment, the IST was administered to a pre-selected undergraduate is noteworthy that the findings obtained with rumination were not fully independent from depression level.
General Discussion
The research presented in this article extends research on the link between attentional control, rumination, and depression. Using the IST we examined whether switching ability, as measured with the IST, is a stable cognitive characteristic and whether rumination is associated with valence-specific switching impairments. Results suggest that (1) switching ability as measured with the IST is a relatively stable phenomenon; (2) rumination is associated with impaired switching especially from negative information; (3) switching impairments are mainly related to brooding scores. These results are discussed in turn below.
In the first experiment, the IST was administered to an unselected sample to examine the stability of IST performance. This is relevant as in most research it is assumed that scores on tasks measuring aspects of attentional control represent stable ability scores. However, in many tasks, especially affective modifications, this notion has not been tested and it is possible that such task are sensitive to state influences and/or that RTs generated by such tasks have a high error variance (due to influences of among others motor preparation and responding). In attention tasks where reliability has been tested, results have often been disappointing (test-retest reliability < .3). Our results indicate that within one session the various RT indices of the IST generally have sufficient to high internal consistency.
Moreover, the two week test-retest reliability of the IST is adequate to high for all the crucial indices.
Thus, experiment 1 indicated that scores on switching ability or relatively stable.
Clearly it should be noted that many of the test circumstances were kept similar and the time between two test sessions was not very long (two weeks). Therefore, these data should not be taken as evidence to conceive of measuring attentional control as a trait variable comparable to questionnaire research. Obviously, attentional control is a dynamic process with performances being strongly determined by specific circumstances. Still, it is reassuring to find that ability scores on a RT paradigm such as the IST, are relatively stable as this is not generally the case for paradigms used in experimental psychopathology research (e.g., the dot probe task, Schmukle, 2005) . It was an important first step to establish the stability of switching ability in a healthy sample as this may be more difficult in a sample with high levels of psychopathology where there is often more mood fluctuation. The high test-retest reliability suggests that results should be relatively easy to replicate and that the IST is suitable for research where multiple administration of the task is required.
In the second experiment, the IST was administered to a pre-selected undergraduate sample of high and low ruminators to examine valence-specific switching impairments. In recent years, research has found evidence showing that rumination is negatively correlated with attentional control (Davis & Nolen-Hoeksema, 2000; De Lissnyder, Koster, Derakshan, & De Raedt, 2010; De Lissnyder et al., 2012; Joormann, 2006; Whitmer & Banich, 2007) .
The second experiment in this study improves upon previous studies for several reasons. First, attentional control has been mainly examined in relation to depressive symptoms in general, with only limited research on rumination (but see Joormann, Levens, & Gotlib, 2011) .
Second, to date, research on attentional control in rumination has mainly used non-emotional stimuli (Davis & Nolen-Hoeksema, 2000; Whitmer & Banich, 2007) . This is an important limitation as previous research indicates that emotion processing is more severely impaired than information processing in general (Joormann et al., 2007) . Finally, studies have examined the relation between rumination and attentional control when confronted with emotional information (De Lissnyder et al., 2010) , but attentional control was mainly examined in relation to externally presented stimuli. The second experiment in this study focused on examining if rumination is related to impaired attentional control over internal representations of emotional and non-emotional information held in working memory. The results indicate that rumination was related to internal switching impairments, specifically in the context of emotional information. The switching impairments were most pronounced when switching from negative to neutral information. These results are largely in line with previous research using the IST in a pre-selected sample of dysphoric and non-dysphoric participants (De Lissnyder et al., 2012) . However, the results of the current experiment where we selected on rumination scores showed more pronounced valence-specific effects compared with our previous study. We performed hierarchical regression analyses to examine when effects of rumination are still observed when controlling for depression (and subsequently anxiety) levels in a first step. We consistently found that brooding scores, but not depression, anxiety, and reflection scores, predicted the switching impairments. This is in line with previous research examining attentional control in relation to depression as well as rumination (Bernblum & Mor, 2010; De Lissnyder et al., 2010; De Lissnyder et al., 2012) , where distinct relations were found between the two types of rumination and information processing.
Some limitations of the current study need to be mentioned. First, although experiment we cannot conclude that the impairments are restricted to angry or even negative material as no other emotional facial expressions (e.g., sad, happy faces) were included. Another issue is that our conclusions with regard to IST performance and rumination are restricted to females as there only was one male participant in experiment 2. Provided that there are important gender differences in ruminative tendencies (e.g., Nolen-Hoeksema et al., 2008) , further investigation of the underlying cognitive mechanisms involved in rumination in relation to gender would be interesting. Finally, although we have tried to examine the relative contribution of depression, anxiety and rumination to switching abilities there is an overlap between depression, anxiety, and rumination scores and some of the effects obtained in high ruminators may be partially due to their depression or anxiety levels. Although we controlled for anxiety scores and the effects still remained we did not include measures of social anxiety.
Rumination is considered a transdiagnostic process with demonstrated relevance in social anxiety (e.g., Mellings & Alden, 2000) , therefore we cannot fully exclude the possibility that social anxiety played a role.
In sum, the present study clearly shows that the IST measures a relatively stable switching ability and has good test-retest reliability. Moreover, it was found that rumination is characterized by valence-specific switching impairments.
Footnote
1 We use the term switching here in the context of switching between objects and working memory and not task switching. The term switching is also often used in the context of executive functions and cognitive control and is sometimes distinguished from other mental operations such as inhibition and updating. Note that we do not claim that the IST is a "pure measure" of switching as performance is dependent on a number of specific cognitive operations (Greve, Stickle, Love, Bianchini, & Stanford, 2005) . Therefore we describe the IST in relation to its most crucial functional operation, the internal shifting of attention, which maps onto the taxonomy of internal vs. external attention provided by Chun et al. (2011) .
2 Because of the selection procedures, Wilk Shapiro test indicated that brooding and reflection scores were not normally distributed. These variables were transformed into dichotomous variables by creating high and low groups using median-split procedure. Some individuals whose score resembled the median could not be categorized as high or low and were not taken into account in the regression analyses. The reaction times on the y-axis are based on the reaction times (in ms) on the target trials (Face n) (e.g., for the angry-neutral bars, the reaction times on the y-axis are the reaction times on the neutral trials that follow angry trials).
